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Abstract

Furpose of Review

More than a century of hard rock mining has left a legacy of >160,000 abandoned mines in the Western
USA that are home to the majority of Native American lands. This article describes how abrogation of
treaty rights, ineffective policies, lack of infrastructure, and a lack of research in Native communities
converge to create chronic exposure, ill-defined risks, and tribal health concerns.

Recent Findings

Recent results show that Native Americans living near abandoned uranium mines have an increased
likelihood for kidney disease and hypertension, and an increased likelihood of developing multiple
chronic diseases linked to their proximity to the mine waste and activities bringing them in contact with
the waste. Biomonitoring confirms higher than expected exposure to uranium and associated metals in
the waste in adults, neonates, and children in these communities.

Summary

These sites will not be cleaned up for many generations making it critical to understand and prioritize
exposure-toxicity relationships in Native populations to appropriately allocate limited resources to
protect health. Recent initiatives, in partnership with Native communities, recognize these needs and
support development of tribal research capacity to ensure that research respectful of tribal culture and
policies can address concerns in the future. In addition, recognition of the risks posed by these
abandoned sites should inform policy change to protect community health in the future.

Keywords: Abandoned mines, Native Americans, Environmental health, Environmental justice, Heavy
metals, Environmental policy
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Infroduction

Contamination of soil and water by waste from more than 160,000 abandoned hard rock mines
throughout the Western USA (operationally defined to include Arizona, California, Colorado, Idaho,
Montana, Nevada, New Mexico, Oregon, South Dakota, Utah, Washington, and Wyoming) has created
a legacy of chronic exposures to metal mixtures in Native American communities. Biomonitoring in
the Strong Heart Study cohort which included Native Americans from these Western states supports
increased metal exposures by identifying unique patterns of elevated metal mixtures relative to several
other races in urban, suburban, and rural settings [}]. The political and social context in which these
exposures developed highlights a history of environmental injustices based in clashes of cultural
values, and political and ethical failures to support negotiated treaty rights. Understanding the health
impacts of these exposures is complicated by a lack of understanding of the toxicity of metals in
complex mixtures in any population, exacerbated by a general lack of environmental health studies in
Native populations in particular. In addition, many of the Native communities in proximity to these
waste sites have numerous risk factors associated with disparities in health outcomes such as poverty,
educational status, infrastructure, and frequently, compromised underlying health status. Further
complications to predicting toxicological responses arise from the traditional and subsistence lifestyles
of many Native communities that create distinct exposure patterns not captured in the assumptions of
standard suburban, recreational, or occupational exposure scenarios used for risk assessments [Z].
Traditional lifestyles, such as eating or harvesting local plants for sustenance, ceremonial or medicinal
purposes, or drinking from historically used water sources may result in greater than predicted
exposures of Native Americans to mine wastes now contaminating these sources.

The impacts of the waste on tribal nations are not likely to resolve for generations to come. In addition
to the number of sites and estimated clean-up costs that exceed any available resources, the sheer
volume of wastes at these sites is a barrier. Laguna Pueblo’s Jackpile Mine Superfund site alone is
greater than 34 km® including disturbance of more than 12 km’ [3]. Geochemical and physical factors
complicate understanding mobility and challenge technological remediation strategies as the
complexities in mixture composition and geochemistry produce varying results across sites. Removal
of waste is complicated by the hazards inherent in transport of such large volumes of hazardous
materials through communities, and in the case of uranium, by the fact that the mixture of toxic and
radioactive metals creates a mixed waste with limited disposal options. This paper will highlight the
framework in which these health, political, social, and environmental factors converge to create
ongoing uncertainty about tribal health and to discuss new initiatives to reduce these uncertainties for
generations likely to face these risks well into the future.

Treaty Righls va, Mining interests on Tribal Lands

Through various treaties developed between Native American tribes and the US Government, the tribes
ceded vast amounts of their traditional land base in exchange for recognition of their sovereign status to
self-government and commitments to ensure protection of their health and culture. Through these
treaties, certain regions of the country were set aside as Tribal “Reservations”—lands over which a
tribe had sovereignty. As mineral resources were identified on those lands, ethical and legal
responsibilities set in the treaties were abrogated by the US government to provide access for mining
by successively shrinking the area of lands designated to each tribe; by legislating in the 66th Congress
the leasing of tribal lands in the Western USA by individuals and corporations for purposes of mineral
extraction for 20 years, renewable in successive 10 year periods; and by prohibiting in a 1919 law the
creation of any future Reservations on Public Lands through executive orders of the President [4]. In If
You Poison Us, Peter Eichstaedt’s comprehensive review of congressional debates and policies leading
up to this legislation describes discussions indicating that the creation of Reservations by Executive
Order on lands holding such vast reserves of minerals would never have been allowed had Congress
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been aware of those reserves [Je*]. In 1902, Indian Affairs Commissioner William Jones argued that

land should not be set aside exclusively for Native American use and the more than 200,000 km®

currently in Reservations should be “thrown open as rapidly as possible”, acknowledging that the
treaties made it necessary for Congress to “treat with them” before opening their lands to settlement,
and therefore Congress should use some arbitrary means to open the land [£°].

The 1919 legislation provided for 5% of the net value of the extracted resources paid to the USA “for
benefit of the Indians” to be deposited in the Treasury to the credit of those Indians having tribal rights
to lease land, but at all times subject to “appropriation by Congress for their benefit”. However,
documented shadow accounting by mining companies reduced that net value and therefore the amount
paid into those accounts [5#+]. The continued disregard for the ethical and legal guarantees of the
treaties resulted in long-term mismanagement of Native American Tribal Trust funds by the US
government and further limited tribal benefits. Nearly a century later, between 2009 and 2016, the US
Attorney General and Secretary of the Interior reached settlements with more than 100 tribes totaling
$3.3 billion USD for mismanagement of monetary and natural resource assets held in trust by the USA
for the benefit of the tribes [7]. These settlements, however, do not come close to addressing the mining
legacy. A recent $1 billion USD settlement from Tronox awarded to the Navajo Nation has been
estimated sufficient to address remedial action of only ~10% of the 3.6 billion kg of uranium mine
waste on Navajo Nation alone [8]. The 520 abandoned uranium mines on Navajo represent less than
12% of the more than 4000 abandoned uranium mines in the Western USA, and an even smaller
fraction of the more than 161,000 abandoned hard rock mines in the Western USA. These numbers
provide a perspective on the scope of the problem being faced by tribal communities.

Scope of the Froblem and Ongoing Threals

As a result of the disregard of treaty rights, lands on and proximal to Native lands in the Western states
(Fig. 1) were extensively mined for metals such as gold, silver, lead, copper, molybdenum, and
vanadium since the mid-1800s and uranium since the 1940s. As deposits played out and demand for
specific metals declined, the mines were abandoned—resulting in more than 160,000 abandoned hard
rock mines (not including coal) in the Western states [#], more than 4000 of which are abandoned
uranium mines (AUMs) [1{]. Today, more than 4.1 million Native Americans live in the Western USA,
478,000 on Reservation lands [1]]. Combining US Census information [11] and a gridded population

10 km based on the primary metal mined are listed in Table 1. In addition, depending on the process,
chemicals such as cyanide, sulfate, nitrate, and others used in ore extraction could remain in the waste
or water sources. Population estimates based on census data assume inclusion of tribal members in the
Census pool. While estimates of accuracy of count for the most recent census are not yet available,
previous estimates have indicated an undercount of Native Americans ranging from 5% [13] to nearly
20% [14].
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Table 1

Summary of common metals and metalloids associated with waste from mines and an estimate
of the number of Native Americans living within 10 km of each mine type

Hard rock metal Common metal contaminants of concern Estimated count of Native Americans

mine type living <10 km from mine type

Gold Arsenic, cadmium, cobalt, copper, mercury, 417,846 people

Uranium/vanadium Arsenic, copper, molybdenum, nickel, 286,346 people

selenium, uranium, vanadium [17, 1¥]

Copper Arsenic, cadmium, copper, iron, nickel [%— 243,722 people
£1]
Lead Arsenic, cadmium, chromium, manganese, 116,925 people

lead, zinc [22-23]
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Additional associated exposure sources include ore transfer stations, waste piles, mill tailings piles, and
most often unmarked, unfenced, and located only through historical memory or mining records. Using
available geospatial information on mineral extraction from the US Mineral Resources Data System
[26], Fig. 1 visually highlights the proximity of reservation land to these mining regions.

Although tribal control of mineral resource leasing and extraction has strengthened during the twentieth
century due to laws such as the Indian Mineral Development Act of 1982 and the 2001 Bureau of Land
regulation. The location of abandoned mines within tribal watersheds and the lack of environmental
protections in the 1872 Mining Law has left a legacy for exposure not only through direct
contamination of tribal lands, but through continuing drainage of contaminated mine water.
Impoundments of untreated mine waste and water are designated as waste treatment systems, which

the 1872 Mining Law allows discharge of untreated mine waste into surface water and has resulted in
contamination of an estimated 40% of the headwaters of Western US watersheds [29], water sources
still relied on by virtually all Native American tribes for survival and cultural preservation [Z3].

The Gold King Mine Spill in 2015 was but an example of the implications this legacy poses throughout
watersheds in the West. In that spill, 11,300 m° of contaminated mine water breached containment
from the abandoned Gold King Mine in Southern Colorado, carrying lead, arsenic, and other metals
(see Table 1) through Ute and Navajo tribal lands as well as non-tribal lands along the San Juan River
[14], leading Navajo Nation to file a lawsuit against USEPA [38]. Releases from abandoned gold mines
have also contaminated waters and lands of tribes including, among others, Fort Belknap in north-

The threats to tribal lands, however, are not only from legacy mines. New mines continue to be fought
by tribal communities as illustrated by legal actions taken by the Western Shoshone Tribe in Nevada
[31], the Menominee Tribe along the Michigan-Wisconsin border [34] and Navajo communities [33].
Pressure to open new uranium mines led Navajo Nation to pass the Natural Resources Protection Act
of 2005 banning uranium mining and processing within Navajo Indian Country as the Fundamental

Socicdemographic and infrastructure Risk Factors in Nalive Communities

Without proper understanding of toxicity and factors controlling it in Native American populations, the
risks represented by these wastes remain ill-defined. Native Americans have lower life expectancy and
more health challenges than other populations in the USA. Data compiled by Indian Health Services
(2007-2009) and other entities illustrate the significant health disparities observed within these
communities (Table 2). These disparities are frequently attributed to genetic susceptibility, and while
some studies show mutations in individuals with a specific disease, the lack of population genetic data
prevailing diseases across multiple language groups suggests other contributors to these outcomes, such
as social determinants, underexplored disparities in environmental exposures and response to toxic
insults, or gene-environment interactions [3§].
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Tahis 2

Summary of key health disparity measures for the Native American population in the USA

Health measure Native American disparity
Suicide Rate is 2.5 times higher for Native youth [3%].
Infectious disease mortality 40-60% higher than all races in the USA [4{]

Diabetes and liver disease mortality 2.8-4.7 times higher than all races in the USA [4]]

Infant mortality 28% higher than non-Hispanic whites [42]
Overall mortality (0-44 years old)  2.23-2.69 times greater than non-Hispanic whites [43]
Birth defects 50% higher prevalence in Native Americans [4{}]

Life expectancy 4.4 years lower for Native Americans [39, 48]

Experimental and epidemiologic data support the association between exposure to toxic metals and
increased risk for a variety of negative health outcomes including kidney and cardiovascular disease,
neurocognitive disorders, and various cancers in both Native and non-Native populations [44—35].
Cancer mortality rates for the Native American population increased over a 20-year period (1990—
specifically linked exposure to the metals cadmium and arsenic to cancer mortality in Native
populations [33, 3&]. Preliminary epidemiologic data document nearly 4 out of every 10 residents of
the Wind River Reservation of Eastern Shoshone and Northern Arapaho have a blood relative who has
remains in the community. The preliminary report falls short of making a direct association but
reinforces their concern that the waste is adversely affecting health [37, 38]. In 1988, US DOE found
soil, surface water, and shallow groundwater on Wind River Reservation were contaminated with
uranium, radium, and thorium and chose to use natural attenuation to reduce the contamination over
time. However, following floods in 2010, monitoring wells showed uranium spikes as high as 100
times the USEPA Maximum Contaminant Level (MCL) for drinking water (0.03 mg/L) [3§]. Despite
this and other reports of contamination linked to increased cancer incidence and other negative health
outcomes, there remains a paucity of population studies in these Native communities. Moreover, our
understanding of exposure-toxicity relationships in Native communities continues to be limited by our
general lack of understanding of the toxicity of any complex mixtures. Even determination of dose in
Native communities can be grossly underestimated by neglecting traditional cultural practices resulting
in frequent and direct contact with contaminated lands and waters, and a greater, sometimes 100%,
reliance on traditional and locally grown foods [2].

Disparities in tribal infrastructure further exacerbate risk. Nearly 14% of Native households lack access
to a public water system compared to 0.6% of the USA as a whole; with some tribes lacking access for
more than 30% of their populations [58], creating a greater reliance on unregulated sources. Uranium
MCLs are exceeded in more than 13% of unregulated wells on Navajo Nation, with arsenic exceeding
the MCL in 15% and co-occurrence in 7% of wells [6{}]. Concentrations are strongly associated with
distance from abandoned mines. Moreover, when regulated public water is available, drinking water
systems in Indian country experience “significant violations” or health-based violations of Safe
Drinking Water Act regulations twice as frequently as other systems [&1], exceeding MCLs for various
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metals, polycyclic aromatic hydrocarbons, trihalomethanes, pesticides, and nitrates. Two months prior
to detection of lead in the Flint, M1, water supply, a regulated community drinking water supply
serving the Navajo community of Sanders was found to have exceeded uranium MCLs for more than a
decade as a result of migration of contaminants from a 1979 uranium mill tailings spill [62]. Although
state officials were aware of the problem, in contrast to Flint, no notification to the community
occurred, and no federal outcry or resources resulted. These challenges and others demonstrate the

upon which other environmental exposures and health disparities are overlaid.

Case Study 1) Black Hills Gold and the Bioux Nation

For the nine tribes of the Great Siocux Nation, the Black Hills are sacred lands of their traditional
homeland in the northern Great Plains. Following the Battle of Little Big Horn, the 1868 Fort Laramie
Treaty between the US government and Sioux Nation guaranteed them “undisturbed use and
occupation” of the Black Hills and stated that no treaty for the cession of any part of the reservation
would be valid unless signed by three-fourths of the adult male Sioux population. However, when gold
was discovered, those treaty rights were abandoned by US confiscation of the Black Hills in the 1877
Act, signed by fewer than 10% of the adult male Sioux population, to allow for mining. Over the next
century, mining companies extracted billions of dollars in metals from these lands. Production from
1875 to 1971 reported more than 1.1 million kg of gold extracted, which even at $1 USD per gram
would exceed $1 billion USD. The Sioux never accepted the legality of the Black Hills confiscation
and sued the US government for return of the land. In 1980, the US Supreme Court upheld a decision
to support the Sioux claim that US government’s decision to occupy the Black Hills constituted a
“taking of tribal property” with an implied obligation for the government to make just compensation.
Rather than returning the land, however, the US Supreme Court awarded the nine tribes of the Great
Sioux Nation $102 million USD as compensation for their loss. The Sioux have never collected this

Why would some of the poorest tribes in the country, with unemployment rates as high as 80%, turn
down such a large sum of money? The award of financial compensation misses many key points
central to the disputes between the tribes and the federal government. First, the suit was never about
money but about the return of lands central to the spirit of the Sioux Nation. Second, the value is small
relative to the profit made from both the land and resource extraction in the intervening years. Third, to
take money for the land is acknowledging a real estate transaction, and in the words of former Oglala
president Teresa Two Bulls “If we accept the money, then we have no more of the treaty obligations
that the federal government has with us for taking our land, for taking our gold, all our resources out of
the federal government continue to seek a compromise, the legacy of the Black Hills mining continues
to pose concerns for the health of the Sioux.

As illustrated in Fig. 1, more than 10,000 abandoned gold mines are on or near Native American
Reservation lands throughout the Western USA. In the Black Hills, there are hundreds of gold mines
but few as profitable as the Homestake Mine near Lead, which produced more than 964,000 kg of the

contaminating 29 km of downstream creeks that received Superfund action for arsenic contaminated
soil, sediments, and water. Although the site was removed from the National Priorities List in 1996,
there remains a band of arsenic-containing sediment in the Cheyenne River banks and floodplains that
form the southern boundary of the Cheyenne River Sioux Tribe Reservation (more than 250 km
downstream) [&7]. While the arsenic-contaminated sediment in the banks has been buried by years of
deposition since the closure of the mine in 2002, intermittent floods during operational years deposited
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contaminated sediment that remains in surface soils of lands used for agriculture, ranching, and
ceremonial purposes as far as 1 km from the river (personal communication, Dec. 2016, C.
Ducheneaux, Department of Environment and Natural Resources, Cheyenne River Sioux Tribe).

Within the Cheyenne River Sioux, antinuclear antibody (ANA) prevalence exceeds that found in the
presence of ANA does not alone indicate frank autoimmune disease, an associated elevated prevalence
of several specific autoantibodies was also observed [&5]. ANAs serve as early serologic markers in a
Amazonian gold mines, to consumption of fish contaminated with methylmercury, and to drinking
arsenic contaminated water [72-74].

The arsenic is located in the floodplains where gathering of fruit for sustenance and herbs for
medicinal, traditional, and ceremonial practices has been documented as well as other traditional land
use practices that create direct exposure pathways through ingestion, inhalation, and dermal contact.
These uses raise ethical and policy issues around how exposure and health are evaluated. If standard
exposure assessment assumptions interpreted through extant health research are applied to a Native
community practicing a traditional lifestyle, such as the Cheyenne River Sioux, results may
underestimate exposure [2]. Secondly, not only are data on response to toxicants limited for Native
Americans, the definition of health itself may differ substantially between the cultures with regulatory
agencies interpreting health from a Western disease model and the tribal population using a more
holistic view based their belief of interconnection between people, their ecosystem, and their well-
being [77++]. Our team is currently working with the CRST to understand the mobility of the
Homestake arsenic; evaluate human exposure through ceremonial, traditional, ranching, and recreation
activities; and assess the contribution of exposure to the high prevalence of autoimmune markers
observed in those living in the floodplain [£8].

Case Study 20 Uranium and the Navajo Nation

Uranium mines present a special subset of abandoned hard rock mines resulting from the Cold War and
associated political stressors. Although reservations encompass only 5.6% of land area in the Western
USA, approximately one in five uranium mines are located within 10 km of an Native American
Reservation with more than 75% (more than 3200 of the 4600) within 80 km (Fig. 1). This does not
include lands traditionally used by the tribes or lands feeding tribal water- and airsheds. Figure }
highlights areas where uranium was the dominant ore extracted and illustrates that multiple tribes are
affected by AUMs, including Navajo Nation in the Four Corners region, multiple Sioux tribes in the
Black Hills region, Northern Arapahoe and Eastern Shoshone at Wind River in Wyoming, and several
tribes including the Spokane in Washington State.

The development of the atomic bomb and the subsequent nuclear arsenal that fueled the Cold War led
to prioritization of uranium mining above protection of human health, as well documented by
Eichstaedt in If You Poison Us [3»*]. Vanadium, which occurs in combination with uranium in
carnotite, was mined on Navajo as early as 1902 to support steel hardening. The Manhattan Project’s
need for uranium made the repurposing of these mines expedient and led to government action to
promote uranium exploration without regard for protection of human health. The hazards of radiation
were recognized since the 1920s, and increased respiratory disease and lung cancer in European
uranium miners was well known by the US Atomic Energy Commission {AEC) and others from the
findings of Iung cancer and respiratory disease in European miners. However, the AEC was reluctant to
set standards within mines or take any other measures to protect miners’ health, fearing that public
awareness of the dangers in the mines would limit their ability to obtain uranium. Following the US
Public Health Service’s (PHS) requests to set safety standards, the AEC set standards of 10 pCi/L in all
operations excepf uranium mines; after lengthy debate, a standard of 100 pCv/L in uranium mines was
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set in 1967—23 years after the beginning of uranium mining on the Navajo Nation and 17 years after
the first US Public Health Service uranium miners’ health study identified respiratory risks. It would be
another 33 years before these details were made public and the US Congress passed the Radiation
Exposure Compensation Act (RECA) that would begin a process of compensating those affected.
Compensation of Navajo miners was slowed significantly, however, as a result of barriers in the law
requiring documentation of births, marriages, and death records not routinely kept within the tribe and
the restriction of compensable health effects to lung cancer only. The law has been revised only once,
in 2000, to incorporate additional compensable diseases and include uranium mill workers [78], while
additional revisions to compensate miners who worked after the government turned over mine safety to
the private sector in 1971 remain in limbo.

As late as 1991-2005, 25% of the deaths in the 4137 former uranium miners followed by US PHS were
disproportionate burden of non-malignant respiratory disease as well. Their rate of pneumoconiosis
was as miuch as fourfold higher than in non-Hispanic whites (NHW), and they also had an increased
risk of restrictive lung disease and decreased FEV [38]. For Navajo miners, underground uranium
mining was the primary contributor to non-malignant disease including obstructive lung disease, while
in non-Native populations, smoking was the major contributor. More than 70% of Navajo miners had
government’s Radiation Exposure Compensation Act, discriminated against Native miners by
requiring, in addition to radiographic evidence of lung damage, a second measure of spirometry less
than 75% of a comparison value derived from a NHW population. Clinical researchers demonstrated
that using that criterion to determine loss of function resulted in exclusion of 24% of Native miners
who would qualify with a 75% reduction in lung function if Native American-based function formulas
were used [§8]. Other studies concluded that Colorado Plateau Native American uranium miners
disproportionately suffer excess mortality risks from lung cancer [81, §2]. Native Americans were a
substantial portion of the underground workforce, and it has been argued that the observed differences
in effect related to a higher exposure. Disease rates reported above, however, were corrected for
exposure, and Native miners were shown to have significantly lower average lifetime mining exposure
than NHWs and Hispanics [%8]. As many as 4000 Navajo men worked in the uranium mines and mills
and hundreds of Navajo miners died and continue to die of lung cancer and other respiratory disease
[83, 84], essentially wiping out a generation of Navajo men in some communities and leaving a legacy
of psychological and environmental trauma [§4]. The increased toxicity to Native miners underscores
the potential for unique sensitivities to toxicants within the Native community as compared to all races
results, questioning the derivation of standards on the basis of data collected from other populations.

While the fights over RECA proceeded, people living in Navajo communities continued to be
chronically exposed to waste from the 520 abandoned uranium mines, 4 abandoned uranium mills, and
more than 1100 waste sites [#5] in and proximal to their communities. Uranium mine waste presents a
unique hazard resulting from the associated radioactive decay chain introducing additional
contaminants including radium, thorium, and radon to the already complex mixture of associated
security of waste associated with these facilities and abandoned sites, as well as lack of concern during
the operational phase led to the use of contaminated material in the construction of homes [83], as well
as contamination of water sources potentially used for drinking [2¢]. Looking at >1300 Navajo
community members with and without exposure to uranium mine waste, we find a significant strong
association between exposures occurring during the active mining era (1940s—1980s) and later
development of kidney disease, exposure more than doubling the odds ratio. For those exposed to
legacy waste, controlling for the mining era exposures, exposure is significantly associated with an
increased likelihood of hypertension and of developing one or more chronic diseases including
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cohort, representing a full range of exposure, showed a significant inverse relationship between
inflammatory potential in cellular bioassays and distance from legacy waste sites consistent with
factors traditionally considered for these diseases clinically were also significant predictors, these
results underscore the need for clinicians to probe for information about exposure as well in identifying
those at risk.

Ongoing Concern for Fulurs Generations

Among Native communities, there is concern about not only the health of people living in impacted
communities today but also the health of generations yet to come. The Women of All Red Nations
(WARN) worry that uranium mining may contribute to high rates of miscarriage and reproductive

on tribal lands have been extremely limited, several recent initiatives are beginning to fill these gaps.

A 1981 study in Navajo babies showed that congenital anomalies, developmental disorders, and other
adverse birth outcomes were associated with maternal proximity to uranium mining operations,
tailings, or mine dumps [9{]. Uncertainties in these results were not followed up until 2010 when the
Navajo Birth Cohort Study (NBCS) [37ee, ¢1] was initiated as part of a Congressional Five-Year Plan
effect of exposure to uranium and co-occurring metals in mine waste on birth outcomes and
neurodevelopment through 1 year of age conducted as a partnership with the University of New
Mexico, Southwest Research Information Center, Navajo Nation Indian Health Service, Navajo Nation
Department of Health, and funders CDC/ATSDR. This is the first prospective birth cohort addressing
the impacts of environmental contamination on birth outcomes in a Native population. Preliminary data
confirm exposures to uranium prenatally and over the first year of life. The recently funded NIH
National Environmental Influences on Child Health Outcomes (ECHO) initiative will include both the
NBCS and a Sioux cohort in this national synthetic cohort of more than 50,000 children, allowing
assessment of the relationship of metal exposure, neurodevelopment, and other outcomes through at
least age 5. ECHO will also allow determination of unique sensitivities within these tribal populations
through comparisons of exposure-toxicity relationships across cultures, races, and lifestyles.

Two of five NIEHS/NIMHD/USEPA P50 Centers of Excellence in Environmental Health Disparities
funded in 2015 focus on multiple Native American populations and metals exposures. These centers
will also help to identify unique exposure pathways, understand the biogeochemical characteristics of
metal mixtures, and document mechanisms of toxicity.

These multigenerational studies using common methods and involving Native American communities
in data collection and interpretation at all stages begin to answer the longstanding questions on health,
and, importantly, to build capacity for investigation of these questions by tribal researchers.

Cihical, Scientific, and Policy Challenges o increasing Nalive American Ressarch

To fully understand the impacts of abandoned mine waste and to inform policies that protect tribal
populations from future adverse health impacts, the body of scientific studies will need to incorporate
more tribal studies, incorporate cultural and traditional practices into assessments of toxicity, and better
understand unique responses in these populations. This broader inclusion, however, comes with its own
challenges.

The recognition of treaties granting sovereign status to tribal nations within the USA brings with it

rights of tribes to control the research process through their own institutional review boards, to mandate
that all data and specimens generated through research remain the property of the tribe, and to mandate
conditions for data sharing and certain types of analyses, such as genetic analyses. Recent requirements

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 10/20

ED_005364K_00003289-00010



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

of'the US National Institutes of Health (NIH), the major funders of health research in the USA, require
sharing of all data collected with public funds, and often require investigators to obtain consent for
genetic analyses, creating cultural conflicts between the tribes and research funders. Models are
emerging, however, that show these issues are not insurmountable. Alaska Natives have developed a
biospecimen and data repository that stores all samples and data collected on Alaska Natives and
controls future use through a board on which Alaska Natives are in the majority [93]. NIH recognition
of the importance of these concerns is supported by their creation of a Tribal Research Office within
the office of the director, currently led by a Native molecular biologist [24].

Tribal demands previously seen as challenging, such as involvement of tribal communities in all phases
and aspects of research; insistence on honest communication of research goals and progress throughout
the study; and ensuring research has benefits for tribal comnunities by informing policy for improved
health care and prevention of future health impacts are now consistent with best practices for
environmental health studies as discussed in the Ethics Guidelines for Environmental Epidemiologists
[95]. While recognition of the need to include tribal populations in research has grown in the federal
agencies and research community, grant reviewers even recently have expressed ethical concerns over
funding research in Native American populations because it will not be generalizable. Additional
education and guidance to point out the ethical fallacy in the current practice of generalizing dominant
culture results to policies affecting tribal populations may be necessary before equity is achieved.

Conclusions and Fulure Research Directions

The abandoned mines on and near Native lands in the Western USA are but one in an ongoing series of
insults. The sheer number of mines and the volumes of waste guarantee that the legacy will persist for
generations to come. In addition, the mines present only one chapter in the history of environmental
injustices on Native lands. Similar articles could be written focusing on impacts to tribal lands from
coal strip mining, from the legacy of military bases, and from oil and gas development. The support
from thousands representing tribes across the country for the Standing Rock Sioux camp opposing the
Dakota Access Pipeline in 2016 is indicative of the common theme felt by tribes not only in the
Western USA but throughout the country and the world where treaty rights to protect health and culture
have been continually challenged and eroded in favor of resource development.

In spite of the recognized threats to tribal health posed by these ongoing toxicant exposures, and the
demonstrated risk factors that put tribal populations in a position of increased vulnerability, research to
understand the health impacts has been hampered by the small sizes of the communities, reviewers
concerns about generalizability of results, and in some cases by the distrust of research within tribal
communities who have witnessed researchers build careers but leave nothing behind to improve the
health of the population. In contrast to the identified risks, the strength and support derived from the
maintenance of culture, ceremonies, and traditional lifestyles may also provide a resiliency to offset
some of the adverse effects. Understanding how these factors interact is critical to designing effective
interventions to protect health benefitting all populations.

The history of mining in the Western USA and the legacy that affects so many Native American
communities highlight the need for not only better inclusion of tribal populations in toxicologic studies
but also in using these data in the development of standards that ensure the cleanup of the sites is truly
protective of the health of the tribes. Ongoing studies point increasingly to the fact that the mixed metal
wastes from these mines continue to have multigenerational impacts to the health of Native tribes. Our
work and others have shown that metals can inhibit DNA-repair processes [96, $7+°, 98, 90, 1800] and
induce immunotoxicity [1{1-184], providing important clues into the mechanisms by which these
mixtures atfect health. Through understanding the mechanisms by which these effects occur and
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understanding the role of exposures in the health disparities seen in these communities, effective
interventions can be designed to protect populations for the decades likely to remain before the mine
waste is removed or remediated.

Acknowledogmenis

We would like to acknowledge all of our indigenous partners we have had the pleasure of working with
over the last three decades and from whom we have learned about the lasting impact of the abandoned
mines, with particular acknowledgement of those from Tachee/Blue Gap and Red Water Pond Road
communities on Navajo, the 1304 families in our original DiINEH Project, and the more than 750
families currently in the Navajo Birth Cohort Study. We also acknowledge the partnership of our
research partners from Southwest Research and Information Center, Navajo Nation Department of
Health, Navajo Nation Environmental Protection Agency, the Cheyenne River Sioux Department of
Environment and Natural Resources, the Crow Environmental Health Steering Committee, Missouri
Breaks Industries, and faculty and staff from the UNM METALS team. We thank the following funding
agencies for supporting work reported here: Navajo Birth Cohort Study: CDC/NCEH/ATSDR: 5U01
TS000135-05; Center for Native Environmental Health Research Equity: NIEHS/NIMHD
P50ES026102 & USEPA (#83615701); NIEHS: RO1ES014565, R25ES013208; NIHOD: UG3
0D023344-01; NIH/NCI 5P30CA118100-1; and a NIGMS ASERT IRACDA postdoctoral fellowship,
K12 GM088021. This material was developed in part under Assistance Agreement No. 83615701
awarded by the US Environmental Protection Agency to the University of New Mexico Health
Sciences Center. It has not been formally reviewed by EPA. The views expressed are solely those of the
authors and do not necessarily reflect those of the Agency. EPA does not endorse any products or
commercial services mentioned in this publication. Finally, all Navajo Nation research is reviewed and
monitored by the Navajo Nation Human Research Review Board.

Compliancs with Ethical Slandards

Corfliot of Interest

The authors declare that they have no conflict of interest.

Human and Animal Rights and Informead Consent

All procedures performed in cited studies involving human participants conducted by the authors were
in accordance with the ethical standards of the University of New Mexico Institutional Review Board,

the Navajo Nation Human Research Review Board, and the Cheyenne River Sioux Tribal Council, and
with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Foolnoles

This article is part of the Topical Collection on Ethics and Policy

References

Fapers of particular interest, published recantly, have baen highlighied ag O
importance, «OFf major importance

1. Pang Y, Peng R, Jones M, Francesconi K, Goessler W, Howard B, et al. Metal mixtures in urban and
rural populations in the US: The Multi-Ethnic Study of Atherosclerosis and the Strong Heart Study.
Environ Res. 2016;147:356-364. doi: 10.1016/j.envres.2016.02.032. [FME free article] [PubMed]
[CrossRet] [Googke Seholar]

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 12/20

ED_005364K_00003289-00012



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

2. Harper BL, Harding A, Harris S, Berger P. Subsistence exposure scenarios for tribal applications.
Hum Ecol Risk Assess. 2012:18(4). [PME free article] [Pubbisd]

3. US EPA. Jackpile Paguate Uranium Mine superfund site. US Environmental Protection Agency

2017.

4. Public Laws of the 66th Congress of the United States: Chapter 4, S. 26, U.S. House of
Representatives, 1st Sess. (1919).

5. »» Eichstaedt P. If you poison us. Santa Fe, NM: Red Crane Books; 1994. Well researched and
comprehensive documentation of the history of uranium mining, the legal and federal agency
roles in development of the mines, and the impacts on the Navajo people.

6. » Leasing of Indian Lands: Hearings on Senate Bill 145: U.S. Senate Committee on Indian Affairs,
U.S. Senate, 1st Sess. (January 16-23, 1902). Insight into the historical lack of respect for tribal
treaty rights and sovereignty on the part of members of Congress.

7. White House Media Release. US reaches mismanaged money settlement with 17 more tribes. Native

money-selthanent-with-17-morg-tribes. Accessed February 2 2017.

8. Associated Press. Navajos to benefit from $1B for uranium cleanup. Albuquerque Journal. 2014.

9. US GAO. Hardrock mining: information on abandoned mines and value and coverage of financial
assurances on BLM land. Energy and Natural Resources. Washington, D.C.: United States Government
Accountability Office; 2008. p. 33.

10. US EPA. Technical report on technologically enhanced naturally occurring radioactive materials
from uranium mining: volume 1: mining and reclamation background. Washington, DC: US
Environmental Protection Agency, Office of Radiation and Indoor Air, Radiation Protection Division
2008 Contract No.: EPA 402-R-08-005.

11. US Census Bureau. American community survey 2015 5 year estimate—American Indian and
Alaska Native alone or in combination with one or more other races. 2015.

12. Center for International Earth Science Information Network - CIESIN - Columbia University.
Gridded population of the world, version 4 (GPWv4): Population Count. Palisades, NY: NASA
Socioeconomic Data and Applications Center (SEDAC); 2016.

13. US Census Bureau. Census Bureau Release Estimates of Undercount and Overcount in the 2010
Census. 2012.

14. DeWeaver N. The American Community Survey: serious implications for Indian country: National
Congress of American Indians Policy Research Center 2010.

15. Fashola M, Ngole-Jeme V, Babalola O. Heavy metal pollution from gold mines: environmental
effects and bacterial strategies for resistance. Int J Environ Res Public Health. 2016;13(11).
doi:10.3390/ijerph13111047. [PML free articie] [PubMed]

16. US EPA. One year after the Gold King Mine incident: a retrospective of EPA’s efforts to restore and
protect impacted communities. Washington, D.C.: Office of Land and Emergency Management2016.

17. Blake JM, Avasarala S, Artyushkova K, Ali AMS, Brearley AJ, Shuey C, et al. Elevated
concentrations of U and co-occuring metals in abandoned mine wastes in a northeastern Arizona native
American community. Environ Sci Technol. 2015;49(14):8506-14. doi: 10.1021/acs.est.5b01408.
[PubbMed] [Crosskel] [Google Scholar]

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 13/20

ED_005364K_00003289-00013



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

18. Zachara J, Long P, Bargar I, Davis J, Fox P, Fredrickson J, et al. Persistence of uranium
groundwater plumes: contrasting mechanisms at two DOE sites in the groundwater-river interaction
zone. J Contam Hydrol. 2013;147:45-72. doi: 10.1016/j.jconhyd.2013.02.001. [PubMisd] [LrossRed]
[Google Scholar]

19. Bech J, Poschenrieder C, Llugany M, Barcel6 J, Tume P, Tobias F, et al. Arsenic and heavy metal
contamination of soil and vegetation around a copper mine in Northern Peru. Sci Total Environ.
1997;203(1):83-91. doi: 10.1016/50048-9697(97)00136-8. [CrossRel] [Lioosls Scholar]

20. Résner U. Effects of historical mining activities on surface water and groundwater—an example
from northwest Arizona. Environ Geol. 1998;33(4):224-230. doi: 10.1007/s002540050241. [CrossBei]

21. Loh MM, Sugeng A, Lothrop N, Klimecki W, Cox M, Wilkinson ST, et al. Multimedia exposures
to arsenic and lead for children near an inactive mine tailings and smelter site. Environ Res.
2016;146:331-339. doi: 10.1016/j.envres.2015.12.011. [PML free article] [PubMed] [Crossiet]
[Google Scholar]

22. LiZ, Ma Z, van der Kuijp TJ, Yuan Z, Huang L. A review of soil heavy metal pollution from mines
in China: pollution and health risk assessment. Sci Total Environ. 2014;468:843-853. doi:
10.1016/j.scitotenv.2013.08.090. [PubMed] [CrossBel] [Google Scholar]

23. Jablonska-Czapla M, Nocon K, Szopa S, £yko A. Impact of the Pb and Zn ore mining industry on
the pollution of the Biala Przemsza River. Poland Environ Monit Assess. 2016;188(5):262. doi:
10.1007/510661-016-5233-3. [PMC fee artisle] [BubMad] [CrossEel] [$oosls Soholar]

24. Ramani S, Dragun Z, Kapetanovi¢ D, Kostov V, Jordanova M, Erk M, et al. Surface water
characterization of three rivers in the lead/zinc mining region of northeastern Macedonia. Arch Environ
Contam Toxicol. 2014;66(4):514-528. doi: 10.1007/500244-014-0012-z. [PubMed] [CrossBef]
[Cioozle Scholar]

25. US EPA. Fourth five-year review report for Bunker Hill Superfund Site Shoshone and Kootenai
Counties, Idaho. Seattle, WA: U.S. Environmental Protection Agency2015.

26. Mineral Resources Data System [database on the Internet]. U.S. Geological Survey. 2005.

27. BLM. BLM publishes final “3809” Surface Mining Regulations. Bureau of Land Management.
2000. hups/wwwhimegeviahphowsireleases/pages/2000/ne00 1121 3809 hiny. Accessed February 2
2017.

28. Bonogofsky A, Voggesser G, Halley M, Turrini T. Honoring the river: how hardrock mining
impacts tribal communities. Boulder, CO: Tribal Partnerships Program, National Wildlife Federation
2013.

29. US EPA. Liquid assets 2000: America’s water resources at a turning point. Washington, D.C.: US
Environmental Protection Agency, Office of Water 2000. Report No: EPA-840-B-00-001.

30. Hensch M. Navajo Nation sues EPA over mine spill. The Hill. 2016.
bitm//thehill comipolicv/enerov-environment/Z291 364 -navaio-nalion-sugs-¢na-over-mine-snifl.
Accessed February 15 2017.

31. McLernon S. 9th Circuit backs Barrick Mine project over tribal opposition. Business and Human
Rights Resource Center. 2014. hitps//busingss-humannights. orefen/bamick-gold-lawsuil-re-westem-

shoshone-iribes-usa. Accessed October 5 2016.

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 14/20

ED_005364K_00003289-00014



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

32. Indian Law Resource Center. Fort Belknap Tribes still fighting for clean water after mine closure.

-----

34. Bienkowski B. Sacred Water, New Mine: Michigan Tribe Battles Corp., Environmental Health
News. 2012. hitp:/www.elimatecentral org/news/sacred-water-new-ming-a-michigan-irnibe-battles-a-

global-corporation. Accessed 2 Feb 2017.

35. SRIC. Navajo uranium mining experience. 2016. hitn:/rwww.sric orgfuraniam/index.phn. Accessed
2 Feb 2017.

36. Minard 4. Navajo Nation slams door on deal that would have allowed uranium mining. Indian
Country Today. 2014. hitps://indiancountrymedianetwork.commews/politics/navaio-naton-slams-door-

..........................................................................................................................................................

37. »» Lewis J, Gonzales M, Burnette C, Benally M, Seanez P, Shuey C et al. Environmental exposures
to metals in native communities and implications for child development: Basis for the Navajo Birth
Cohort Study. J Soc Work Disab Rehab. 2015:1-25. doi:10.1080/1536710X.2015.1068261. Review of
the basis for concerns about exposures to metal mixtures on child development and birth
outcomes in Native communities and the lack of data from which to evaluate impacts.

38. Jones DS. The persistence of American Indian health disparities. Am J Public Health.
2006;96(12):2122-2134. doi: 10.2105/AJPH.2004.054262. [2M{ free article] [PubMead] [CrossRef]

..............................................

39. Executive Office of the President. 2014 Native youth report: CreateSpace Independent Publishing
Platform2015. Report No.: 9781508695714.

40. Indian Health Service. Indian Health Disparities Factsheet. Department of Health and Human

29 Nov 2016.

41. Matthews T, MacDorman M, Thoma M. Infant mortality statistics from the 2013 period linked
birth/infant death data set. National vital statistics reports: from the Centers for Disease Control and
Prevention, National Center for Health Statistics, National Vital Statistics System. 2015;64(9).
[PubMed]

42. Canfield MA, Mai CT, Wang Y, O’Halloran A, Marengo LK, Olney RS, et al. The association
between race/ethnicity and major birth defects in the United States, 1999-2007. Am J Public Health.
2014;104(9):el14-e23. doi: 10.2105/AJPH.2014.302098. [PME. free articls] [PubMed] [CrossBel]
[Google Scholar]

43. Espey DK, Jim MA, Cobb N, Bartholomew M, Becker T, Haverkamp D, et al. Leading causes of
death and all-cause mortality in American Indians and Alaska Natives. Am J Public Health.
2014;104(83):5303-SS11. doi: 10.2105/AJPH.2013.301798. [FML free article] [PubMead] [CrossBel]

..............................................

44, Karim MR, Rahman M, Islam K, Al Mamun A, Hossain S, Hossain E, et al. Increases in oxidized
low-density lipoprotein and other inflammatory and adhesion molecules with a concomitant decrease in

high-density lipoprotein in the individuals exposed to arsenic in Bangladesh. Toxicol Sci.
2013;135(1):17-25. doi: 10.1093/toxsci/k{t130. [PubMed] [CrossBel] [Google Scholar]

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 15/20

ED_005364K_00003289-00015



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

45. Niu J, Liberda EN, Qu S, Guo X, Li X, Zhang J, et al. The role of metal components in the
cardiovascular effects of PM 2.5. PLoS One. 2013;8(12):e83782. doi: 10.1371/journal.pone.0083782.
[PMC free acucle] [PubMed] [CrossRel] [Gneels Scholar]

46. Liu J, Lewis G. Environmental toxicity and poor cognitive outcomes in children and adults. J
Environ Health. 2014;76(6):130. [PML free artivle] [PubMed] [$reogle Scholar]

47. Wasserman GA, Liu X, Factor-Litvak P, Gardner JM, Graziano JH. Developmental impacts of
heavy metals and undernutrition. Basic & clinical pharmacology & toxicology. 2008;102(2):212-217.
doi: 10.1111/j.1742-7843.2007.00187.x. [FabMed] [CrossBet] [Googls Scholar]

48. Tyler CR, Allan AM. The effects of arsenic exposure on neurological and cognitive dysfunction in
human and rodent studies: a review. Current environmental health reports. 2014;1(2):132-147. doi:
10.1007/s40572-014-0012-1. [FML free article] [PubMed] [CrossRel] [Goosgle Boholar]

49. Tan SY, Praveena SM, Abidin EZ, Cheema MS. A review of heavy metals in indoor dust and its
human health-risk implications. Rev Environ Health. 2016 [PubMed] [Google Scholar]

50. Yuan W, Yang N, Li X. Advances in understanding how heavy metal pollution triggers gastric
cancer. BioMed Research International. 2016;2016. doi:10.1155/2016/7825432. [PMC frec articie]

51. Jarup L. Hazards of heavy metal contamination. Br Med Bull. 2003;68(1):167-182. doi:
10.1093/bmb/1dg032. [PubMead] [CrossBet] [Coogle Scholar]

52. Zheng L, Umans J, Yeh F, Francesconi K, Goessler W, Silbergeld E, et al. The association of urine
arsenic with prevalent and incident chronic kidney disease: evidence from the strong heart study.
Epidemiology. 2015;26(4):601-612. doi: 10.1097/EDE.0000000000000313. [PMC free article]
[PubMed] [CrossRel] [Google Schelar]

53. Garcia-Esquinas E, Pollan M, Tellez-Plaza M, Francesconi K, Goessler W, Guallar E, et al.
Cadmium exposure and cancer mortality in a prospective cohort: the strong heart study. Environ Health
Perspect. 2014;122(4):363-370. [PME fne articie] [PubMad] [frogle Scholar]

54. Garcia-Esquinas E, Pollan M, Umans J, Francesconi K, Goessler W, Guallar E, et al. Arsenic
exposure and cancer mortality in a US-based prospective cohort: the strong heart study. Cancer
Epidemiol Biomark Prev. 2013;22(11):1944-1953. doi: 10.1158/1055-9965.EP1-13-0234-T.
[EMO free article] [PubbMed] [CrossBel] [Google Scholar]

55. Moon KA, Guallar E, Umans JG, Devereux RB, Best LG, Francesconi KA, et al. Association
between exposure to low to moderate arsenic levels and incident cardiovascular disease: a prospective
cohort study. Ann Intern Med. 2013;159(10):649-659. [PM4 frec article] [PubMed] [Goozle Seholar]

56. Tellez-Plaza M, Guallar E, Howard B, Umans J, Francesconi K, Goessler W, et al. Cadmium
exposure and incident cardiovascular disease. Epidemiology. 2013;24(3):421-429. doi:
10.1097/EDE.0b013e31828b0631. [PML five article] [PubMed] [CrossRef] [Lroogle Scholar]

57. Feemster R. Study ties cancer on the Wind River Indian Reservation to uranium tailings site.

WyoFile: People, Places, and Policy. 2013. httn://vwww,wyniile comvblog/study-relates-cancer-on-the-

wind-tver-indisn-reservalion-to-uranium-tailings-site/. Accessed 8 Dec 2016.

58. Ahtone T. Cancer-riddled Wind River Reservation fights EPA over uranium contamination. Indian
Country Media Network. 2012. hitn://indiancountryviodayvmedianetwork com/2012/01/19/cancer-

tiddled-wind-river-reservalion-Hghls-spa-over-uraniume-coniaminalion- 73103, Accessed December 8
2016.

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 16/20

ED_005364K_00003289-00016



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

59. NN DWR. Draft water resource development strategy for the Navajo Nation. Window Rock:
Navajo Nation Department of Water Resources 2011.

60. Hoover JH, Gonzales M, Shuey C, Barney Y, Lewis J. Elevated arsenic and uranium concentrations
in unregulated water sources on the Navajo Nation. USA Exposure and Health. 2016:1-12.
doi:10.1007/812403-016-0226-6.

61. US EPA. Providing safe drinking water in America: 2013 National Public Water Systems
Compliance Report. Washington, D.C.: US EPA 2015.

62. Lurie J. Small-town American has a serious drinking-water problem. MotherJones. 2016.
hitpdwww.otheriones. comvenvironmentZ2016/0 5 irural-water-contarminaion-uraniym-navaio
sanders. Accessed 29 November 2016.

63. US GAO. Native American Housing: Tribes generally view block grant program as effective, but
tracking of infrastructure plans and investments needs improvement. Washington, DC: United States
Government Accountability Office2010 Contract No.: GAO-10-326.

64. Uenume F, Fritz M. Why the Sioux are refusing $1.3 billion. In: PBS NEWSHOUR. PBS. 2011.

19 2016.

65. Norton JJ. Circular 699: Gold in the Black Hills, South Dakota, and how new deposits might be
found. In: Survey USG, editor.: US Government Printing Office; 1974. p. 22.

66. Marron DC, editor. Trends in arsenic concentration and grain-size distribution of metal-
contaminated overbank sediments along the Belle Fourche River, downstream from Whitewood Creek,
South Dakota. US Geological Survey Toxic Substances Hydrology Technical Meeting; 1989 September
26-30, 1988; Phoenix, AZ: Department of the Interior, US Geological Survey.

67. Stamm JF, Hoogestraat GK. Concentrations of selected metals in Quaternary-age fluvial deposits
along the lower Cheyenne and middle Belle Fourche Rivers, western South Dakota, 2009-10. US
Geological Survey, Reston, VA (29 pp). 2012.

68. Ong J, Erdei E, Rubin RL, Miller C, Ducheneaux C, O’Leary M et al. Mercury, autoimmunity, and
environmental factors on Cheyenne River Sioux Tribal lands. Autoimmune diseases. 2014;2014.
[PMC free article] [PubbMed]

69. Fernandez SAV, Lobo AZC, Oliveira ZNPD, Fukumori LM, Périgo AM, Rivitti EA. Prevalence of
antinuclear autoantibodies in the serum of normal blood dornors. Revista do Hospital das Clinicas.
2003;58(6):315-319. doi: 10.1590/S0041-87812003000600005. [PubiMed] [LrossBef]

..............................................

70. Li Q-Z, Karp DR, Quan J, Branch VK, Zhou J, Lian Y, et al. Risk factors for ANA positivity in
healthy persons. Arthritis Research & Therapy. 2011;13(2):1. doi: 10.1186/ar3271. [£MC free articls]
[PubbMed] [Crosskel] [Goozls Schelar]

71. Arbuckle MR, McClain MT, Rubertone MV, Scofield RH, Dennis GJ, James JA, et al.
Development of autoantibodies before the clinical onset of systemic lupus erythematosus. N Engl J
Med. 2003;349(16):1526-1533. doi: 10.1056/NEJMo0a021933. [PubMed] [CrossBef] [Google Scholar]

72. Das N, Paul S, Chatterjee D, Banerjee N, Majumder NS, Sarma N, et al. Arsenic exposure through
drinking water increases the risk of liver and cardiovascular diseases in the population of West Bengal.
India BMC Public Health. 2012;12(1):1. doi: 10.1186/1471-2458-12-1. [PME free article] [PubMed)]
[CrossRet] [Googke Seholar]

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 17120

ED_005364K_00003289-00017



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

73. Silva 1A, Nyland JF, Gorman A, Perisse A, Ventura AM, Santos EC, et al. Mercury exposure,
malaria, and serum antinuclear/antinucleolar antibodies in Amazon populations in Brazil: a cross-
sectional study. Environ Health. 2004;3(1):1. doi: 10.1186/1476-069X-3-11. [EML freg articls]
[PubMed] [CrossBef] [Google Scholar]

74. Gardner RM, Nyland JF, Silva IA, Ventura AM, de Souza JM, Silbergeld EK. Mercury exposure,
serum antinuclear/antinucleolar antibodies, and serum cytokine levels in mining populations in
Amazonian Brazil: a cross-sectional study. Environ Res. 2010;110(4):345-354. doi:
10.1016/j.envres.2010.02.001. [PMC fiee article] [PubMied] [CrossBet] [Google Scholar]

75. Alves MFA, Fraiji NA, Barbosa AC, De Lima DS, Souza JR, Dorea JG, et al. Fish consumption,
mercury exposure and serum antinuclear antibody in Amazonians. Int J Environ Health Res.
2006;16(4):255-262. doi: 10.1080/09603120600734147. [PubMed] [CrossRel] [Gnegle Scholar]

76. Rowley B, Monestier M. Mechanisms of heavy metal-induced autoimmunity. Mol Immunol.
2005;42(7):833-838. doi: 10.1016/j.molimm.2004.07.050. [PubMed] [CrossRet] [Google Scholar]

77. Donatuto J, Campbell L, Gregory R. Developing responsive indicators of indigenous community
health. Int J Environ Res Public Health. 2016;13(9):899. doi: 10.3390/ijerph13090899.
[PMC free article] [PubMed] [CrossRet] [Google Scholar]

78. Radiation Exposure Compensation Act Amendments of 2000, U.S. Senate, 2nd Sess. (2000).

79. Schubauer-Berigan MK, Daniels RD, Pinkerton LE. Radon exposure and mortality among white
and American Indian uranium miners: an update of the Colorado Plateau cohort. Am J Epidemiol.
2009;169(6):718-730. doi: 10.1093/aje/kwn406. [Publed] [CrossBel] [Google Scholar]

80. Mapel DW, Coultas DB, James DS, Hunt WC, Stidley CA, Gilliland FD. Ethnic differences in the
prevalence of nonmalignant respiratory disease among uranium miners. Am J Public Health.
1997;87(5):833-838. doi: 10.2105/AJPH.87.5.833. [PML. freg articls] [Pubbisd] [CrossRei]

[Cloozle Sceholar]

81. Roscoe RJ, Deddens JA, Salvan A, Schnorr TM. Mortality among Navajo uranium miners. Am J
Public Health. 1995;85(4):535-540. doi: 10.2105/AJPH.85.4.535. [PML free article] [Pubbed]
[CrossBef] [Goople Scholar]

82. Gilliland FD, Hunt WC, Pardilla M, Key CR. Uranium mining and lung cancer among Navajo men
in New Mexico and Arizona, 1969 to 1993. J Occup Environ Med. 2000;42(3):278-283. doi:
10.1097/00043764-200003000-00008. [Fubbed] [CrossRel] [Google Scholar]

83. Schneider K. A valley of death for the Navajo uranium miners. The New York Times. 1993 May 3,
1993.

84. Markstrom CA, Charley PH. Psychological effects of technological/human-caused environmental
disasters: examination of the Navajo and uranium. American Indian and Alaska Native Mental Health
Research (Online) 2003;11(1):19. doi: 10.5820/aian.1101.2003.19. [PubMed] [CrossRef]

[Lioozls Reholar]

85. US EPA. Federal actions to address impacts of uranium contamination in the Navajo Nation. San
Francisco, CA: US Environmental Protection Agency; 2014.

86. Moore-Nall A. The legacy of uranium development on or near Indian reservations and health
implications rekindling public awareness. Geosciences. 2015;5(1):15-29. doi:
10.3390/geosciences5010015. [Crosskel] [Google Scholar]

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 18/20

ED_005364K_00003289-00018



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

87. Hund L, Bedrick EJ, Miller C, Huerta G, Nez T, Ramone S, et al. A Bayesian framework for
estimating disease risk due to exposure to uranium mine and mill waste on the Navajo Nation. Journal
of the Royal Statistical Society: Series A (Statistics in Society) 2015;178(4):1069-1091. doi:
10.1111/rssa.12099. [CrossBef] [Google Scholar]

88. Harmon ME, Lewis J, Miller C, Hoover J, Ali AS, Shuey C, et al. Residential proximity to
abandoned uranium mines and serum inflammatory potential in chronically exposed Navajo
communities. J Exposure Sci Environ Epidemiol. 2017 [PM{ free article] [PubMed] [Loosle Scholar]

89. Unger N. Women, sexuality, and environmental justice in American history. In: Stein R, editor.
New perspectives on environmental justice. New Brunswick: Rutgers University Press; 2004. pp. 45—

90. Shields LM, Wiese W, Skipper B, Charley B, Banally L. Navajo birth outcomes in the Shiprock
uranium mining area. Health Phys. 1992;63(5):542-551. doi: 10.1097/00004032-199211000-00005.
[PubMed] [CrossRel] [Lroogle Scholar]

91. Hunter C, Lewis I, Peter D, Begay M, Ragin-Wilson A. The Navajo birth cohort study. J Environ
Health. 2015,78(2):42-45. [PubMed] [Googls Scholar]

92. US EPA. Health and environmental impacts of uranium contamination in the Navajo Nation: five-
year plan: US Environmental Protection Agency, Bureau of Indian Affairs, US Nuclear Regulatory
Commission, US Department of Energy, Indian Health Service 2008.

03. Parkinson AJ, Hennessy T, Bulkow L, Smith HS, The Alaska Area Specimen Bank Working
Group. The Alaska Area Specimen Bank: a tribal-federal partnership to maintain and manage a
resource for health research. International Journal of Circumpolar Health. 2013;72:
doi:10.3402/ijch.v72i0.20607. [BMC free article] [PubMed]

94. Anderson J. Appointment of Dr. David R. Wilson as Director of the Tribal Health Research Office,
NIH. National Institutes of Health. 2017. hitps://dpepsinib gov/ithro/directorsannounesment. Accessed
16 Feb 2017.

95. ISEE. Ethics Guidelines for Environmental Epidemiologists. International Society for
Environmental Epidemiology; 2012. p. 19.

96. Cooper KL, King BS, Sandoval MM, Liu KJ, Hudson LG. Reduction of arsenite-enhanced
ultraviolet radiation-induced DNA damage by supplemental zinc. Toxicol Appl Pharmacol.
2013;269(2):81-88. doi: 10.1016/j.taap.2013.03.008. [PMC frec article] [PubMed] [Crosskef]

97. Cooper KL, Dashner EJ, Tsosie R, Cho YM, Lewis J, Hudson LG. Inhibition of poly(ADP-
ribose)polymerase-1 and DNA repair by uranium. Toxicol Appl Pharmacol. 2016;291(15):13-20. doi:
10.1016/.taap.2015.11.017. [PMO fres article] [PubMed] [CrossBel] [Gooels Scholar]

98. Hudson LG, Cooper KL, Atlas SR, King BS, Liu KJ. Arsenic interaction with zinc finger motifs.
In: States JC, editor. Arsenic: Exposure Sources, Health Risks and Mechanisms of Toxicity. 1st ed.:
John Wiley & Sons; 2015. p. 291-312.

99. Zhou X, Sun X, Cooper KL, Wang F, Liu KJ, Hudson LG. Arsenite interacts selectively with zinc
finger proteins containing C3H1 or C4 motifs. J Biol Chem. 2011;286(26):22855-22863. doi:
10.1074/jbc.M111.232926. [PML frep artigle] [PubMed] [CrossBel] [Google Scholar]

100. Bal W, Protas AM, Kasprzak KS. Genotoxicity of metal ions: chemical insights. In: Sigel A, Sigel
H, Sigel RKO, editors. Metal Ions in Toxicology: Effects, Interactions, Interdependencies. 2011. p.
319-73.

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 19/20

ED_005364K_00003289-00019



5/18/2020 Mining and Environmental Health Disparities in Native American Communities

101. Pinney S, Freyberg R, Levine G, Brannen D, Mark L, Nasuta J, et al. Health effects in community
residents near a uranium plant at Fernald, Ohio, USA. Int J Occup Med Environ Health.
2003;16(2):139-153. [Publicd] [Goosls Scholar]

102. Dangleben NL, Skibola CF, Smith MT. Arsenic immunotoxicity: a review. Environmental Health.
2013;12. doi:10.1186/1476-069X-12-73. [PML free article] [Pubbied]

103. Hughes MF, Beck BD, Chen Y, Lewis AS, Thomas D. Arsenic exposure and toxicology: a
historical perspective. Toxicol Sci. 2011;123(2):305-322. doi: 10.1093/toxsci/kfr184.
[EMC free article] [PubMed] [CrossBel] [Soogle Scholar]

104. Lourenco J, Pereira R, Pinto F, Caetano T, Silva A, Carvalheiro T, et al. Biomonitoring a human
population inhabiting nearby a deactivated uranium mine. Toxicology. 2013;305:89-98. doi:
10.1016/j.t0x.2013.01.011. [PubMed] [CrossBel] [Loesle Scholar]

https://iwww.ncbi.nim.nih.gov/pmec/articles/PMC5429369/ 20120

ED_005364K_00003289-00020



